Background: Accurate awareness of common disease risk is necessary to promote healthy lifestyles and to prevent unnecessary anxiety and evaluation. Our objective is to identify characteristics of patients who do not accurately perceive their risk of developing coronary heart disease (CHD), diabetes (DM), breast cancer (BC) and colorectal cancer (CRC).
overweight patients. Overweight and obese patients at low/average risk of DM or CHD were more likely than normal weight patients to over-estimate their risk. Low/average risk women were more likely than men to over-estimate their risk of DM (1.3, 1.1-1.5) and CHD (1.8, 1.5-2.1).
Conclusions:
Our data show that body mass index is the factor most consistently associated with incorrect risk perceptions for several common conditions.
Introduction:
Non-communicable diseases such as cardiovascular diseases, diabetes, and cancer, are the leading cause of death globally, and are the main drivers of morbidity, and health-care costs in the US. 1 Patients' perception of their actual risk of disease or the belief in the probability that they will experience an adverse event is important regardless of actual risk for developing these diseases. 2, 3 For those at high risk, an accurate understanding of risk can help patients identify and adopt relevant lifestyle changes and adherence to preventive interventions (e.g., early or more intensive screening, pharmacologic treatment, prophylactic surgery) that can lead to a better health-related quality of life. 2, [4] [5] [6] [7] For those at low or average risk, accurate risk perception can help patients reduce anxiety and avoid unnecessary intervention. 8 Previous research has shown that patients overall and individuals both at high or low/average risk for these diseases do not correctly perceive their risk. 2, [5] [6] [7] 9, 10 For example, overweight and obese patients may not perceive they are at higher risk for colorectal cancer (CRC); 5 patients at high risk for diabetes (DM) or heart disease (CHD) are often not aware of this risk; 11, 12 many women both over--estimate or under-estimate their risk of breast cancer BC). 8, 13, 14 Prior work has focused on examining risk perceptions for specific conditions. We are not aware of prior studies that have looked at risk perceptions across cancers and other common conditions, stratified by patients' actual risk of these diseases.
The goal of this analysis is to identify demographic characteristics of patients at low/average risk who over-estimate their risk and those at high risk who under-estimate their risks of CHD, DM, BC and CRC.
Methods

Overview
The Patient Risk Evaluation and Prevention (PREP) study was a cluster randomized controlled trial (RCT) of adult primary care patients receiving care in the Brigham and Women's Primary Care Practice-Based Research Network (NCT01468675). 15 A goal of PREP was to assess whether patients' receipt of a personalized disease risk report prior to a primary care visit was associated with improved patient-provider communication about disease risk. Patients in intervention clinics completed a detailed survey about their family history, lifestyle, and risk perceptions and received a personalized risk report based on Your Health Snapshot (YHS), a self-administered health risk assessment derived from validated algorithms of Your Disease Risk (www.yourdiseaserisk.wustl.edu). 16, 17 Risk factors inputs for the algorithms were obtained from the survey responses and data from the electronic health record (EHR) prior to the visit. Patients in the control clinics completed a short survey about risk perceptions before their visit. After their visit, they completed the detailed survey and received a personal risk report. Risk reports presented calculated risk, summarized as low or average vs. high risk, for CHD, DM, CRC and BC (women only) for patients who did not already have a specific condition. 18, 19 For example, a woman who had already been diagnosed with CHD would not be asked about her risk of developing CHD, but would be asked about her risk for the other 3 conditions. Risk perception questions asked separately for each condition whether compared to an average person of the same age, an individual believed that he/ she was more likely, less likely or about as likely to get the condition ("Compared to the average person your age, would you say that you are more likely to get {condition}, less likely, or about as likely?") We conducted a secondary analysis of data collected from PREP to identify demographic characteristics of patients who do not accurately perceive their risk of developing CHD, DM, BC and CRC, so that appropriate interventions can be developed.
Data Analysis
We included participants, irrespective of intervention status, who answered the pre-visit risk perception questions and received a risk report (intervention arm received pre-visit, control arm received post-visit). For the purposes of this analysis, we combined low or average calculated and perceived risk into a category of low/average risk (i.e., not high). Among those categorized as low/average calculated risk, the percent that was low risk compared to average risk was 88% for DM, 93% for CHD, 50% for BC and 59% for CRC. Additional patient data, obtained from the EHR, included age, sex, race, education, ethnicity, marital status, insurance, body mass index (BMI), smoking status, prior personal history of CHD, DM, BC or CRC and Charlson comorbidity score. 20 For each of the conditions, we used logistic regression models to examine the demographic factors associated with high risk patients who under-estimated their risk and low/average risk patients who over-estimated their risk. Statistical analyses were conducted using SAS version 9.2 (Cary, NC) with p < 0.05 as the criterion for statistical significance.
Results
Study Population
Overall, the mean age of participants was 54 years, 75.5% were female, 5.8% were Latino, and 5.1 % were black (Table 1) . Almost 26% of participants were obese and 3.5% were current smokers. Approximately 70% had college or higher education degrees and 74% had private insurance. Fifteen percent were at high risk for developing CRC, 19.5% for breast cancer, 16.8% for DM, and 6.7% for CHD.
Among patients at low/average risk for disease, the percentage who over-estimated their perceived risk of disease, ranged from 13% for CRC to 56% for CHD (Table 2) . Women were more likely than men to overestimate their risk of diabetes (1.3, 1.1-1.5) and CHD (1.8, 1.5-2.1). Compared to normal weight patients (BMI 18.5-24.9 kg/m2), overweight patients (BMI 25-29.9) were more likely to overestimate their risk of DM (1.6,1.3-1.8) and CHD (1.5, 1.3-1.8), but less likely to overestimate their risk of BC (0.6, 0.5-0.8) and CRC (0.9, 0.7-1.0). The same was true for obese patients (BMI ≥ 30). Compared to whites, blacks were also more likely to overestimate their risk for DM and less likely to overestimate their risk for CRC. Patients age 45-75 were less likely to over-estimate risk of DM and BC compared to younger patients.
Among patients at high risk for disease, self-perceived under-estimation ranged from 57% for CHD to 75% for CRC. Overweight and obese patients were more likely than normal weight patients to under-estimate their risk for BC (1.7, 1.1-2.8; 3.1, 1.9-5.0 respectively) and to under-estimate their risk for CRC (1.8, 1.0-3.3; 2.6, 1.5-4.5, respectively). Compared to whites, Hispanics were less likely to underestimate their risk for diabetes (0.4, 0.2-0.8).
Discussion
Accurate awareness of common disease risk in both high and low/average risk persons is an important factor in promoting positive lifestyle and behaviors and preventing unnecessary interventions, anxiety and screenings. To our knowledge, ours is the first study to compare risk perceptions of patients, stratified by risk, to actual risk across several common conditions. We found that overall, except for CHD where approximately 55% of both high and low risk patients incorrectly estimated risk, high risk patients often (60% to 75% of the time) under-estimated their risk, while low/average risk patients overestimated their risk of these conditions 13%−40% of the time. We found BMI to be the demographic factor most consistently associated with incorrect risk perceptions. Patients who were overweight or obese, and who were at high risk for BC or CRC were more likely to under-estimate their risks of these cancers. Although obesity has been shown to be a risk factor for CRC and for BC among post-menopausal women, 2,21,22 studies have also shown that knowledge of obesity as a risk factor for cancer, including CRC and BC, is low. 2, 5, 23 In particular, a previous study found that even with the understanding that behavioral factors can reduce cancer risk, many subjects, including those who were obese, did not consider overweight as an important risk factor for cancer. 24 Further, weight perceptions can be inaccurate. 25 Given the high prevalence of obesity in the US, 26 these results underscore the need for health education programs targeted to overweight and obese persons which stress weight as a modifiable cancer risk and the importance of appropriate cancer screenings. In addition, studies are needed determine how such education programs can be most effective.
We also found that overweight and obese patients at low/average risk for CHD and DM were more likely to over-estimate their risks of these diseases. This finding is consistent with prior studies which found obese people in general over-estimate DM, CHD risks, 9, 12, 27 and suggests an understanding of weight as a significant risk factor for these diseases, even if other risk factors are not present. However, a disadvantage of over-estimation can be overprescription of medications where harms may outweigh benefits. In addition, we note that although heightened risk perception may lead to an increase in preventive behavior, studies have also shown that awareness alone does not motivate behavior. 3, 28 A limitation of this study is that PREP only reached 20% of potentially eligible individuals; most of our population was white and of higher socioeconomic status. It is possible that individuals who participated are more "health conscious," as indicated by our low percentage of current smokers. Therefore, our study may include fewer high risk individuals compared to the general population of patients seen in primary care settings. However, we are not comparing low risk to high risk individuals, and our sample size is robust for both high risk and low risk patients across the demographic factors.
In conclusion, for those at high risk of developing BC, CRC, CHD or DM overall and for overweight and obese individuals who are both at high and low risk of disease, perceived risk estimates are often inaccurate. Primary care doctors should be aware that their patients' perceived risks may not necessarily correspond to actual risks. Public health education should focus on correcting perceptions of disease risk, and further research is needed to determine the most appropriate education and whether correct perceptions lead to improved behavioral and health outcomes. 
